A new plasmid was found in the yeast Kluyoeromyces wdtii. This high-copy-number plasmid, named pKW1, is a double-stranded circular DNA plasmid of 5619 bp. It has several features characteristic of the 2ptype plasmids: presence of two inverted repeats and four open reading frames, as well as the interconversion of two isomeric forms. However, the nucleotide sequence shows little homology with known yeast plasmids. An ARS function was localized within a segment of 545 bp near one of the inverted repeats. Chimeric plasmids carrying this segment efficiently transformed K. wdtii. A strain of K. waltii cured of the plasmid (ciro) was also obtained. In the pKWl sequence, a functionally neutral region was found at which foreign DNA can be inserted with little effect on plasmid stability. Such constructions carrying the full sequence of pKWl replicated autonomously in a cir" host and were particularly stable. pK W 1-derived full-sequence plasmids also transformed K. thermotolerans, but not K. lactis.
Introduction
Several circular plasmids resembling the 2p plasmid of Saccharomyces cereuisiae have been described : pSRl , pSB3 and pSB4 from Zygosaccharomyces rouxii (Toh-e et al., 1982 (Toh-e et al., , 1984 , pSBl and pSB2 from 2. bailii (Toh-e et al., 1984) , pSMl from 2. fermentatii (Utatsu et al., 1987) and pKD 1 from Kluyveromyces drosophilarurn . These cryptic plasmids, which we may call 2p-like plasmids, are found in high-copy-number in the host cell. All have a common structure characterized by the presence of two inverted repeats at which intramolecular recombination occurs to generate two isomeric forms of the plasmid (Hollenberg et al., 1976 ; GuCrineau et al., 1976) . Despite the similarity of functional organization, these plasmids share little nucleotide sequence homology. Some homology, however, has been detected at the amino acid sequence level of the plasmidencoded proteins (Murray et al., 1988) .
Each o f these circular plasmids has a relatively narrow host range. They can stably replicate only in their natural host and its close relatives. For example, pKD1 of K .
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drosophilarum can be stably transferred to only a few other species of the genus Kluyveromyces, such as K . lactis (Bianchi et al., 1987; Chen et al., 1989) .
The new plasmid, which we call pK W 1 because it was found in a strain of Kluyveromyces waltii, has a distinct host range with respect to pKD1. We describe here the molecular and functional organization of pK W 1. Various derivatives of pKW 1 can be used as efficient vectors for gene manipulation in K . waltii.
Methods
Strains and media. pK W 1 was isolated from Kluyveromyces rvaltii Kodama, CBS 6430 (type strain). The K. lacris (Kluyceromwes marxianus var. lactis Johannsen et van der Walt) strains were MW98-8C (a uraA argA lysA, K+, pKD1") and its isonuclear clone MD2/1 (pKD1'). All the type strains of Kluyveromyces species were obtained from the Centraalbureau voor Schimmelcultures (CBS), Delft, The Netherlands. The Saccharomyces cerevisiae strain was S 150-2B (Mar a ura3 leu2 trpl his3 cir+). Complete medium (YPG) for yeast growth contained 1 % (w/v) Bacto yeast extract (Difco), 1 % (w/v) Bactopeptone (Difco) and 2% (w/v) glucose. Minimal medium W contained 0.67% (w/v) Yeast Nitrogen Base without amino acids (Difco) and 2"/, (w/v) glucose. For plating, these media were supplemented with 2.5% (w/v) Bactoagar (Difco). The Escherichia coli strains used for recombinant plasmid construction were JM83 (Vieira & Messing, 1982) and MC1066 (Casadaban, F-lacX74 hsdR rspL galU galK trpC9830 leuB6 pyrF: :TnS). Complete medium for E. coli was LB (Maniatis etal., 1982) supplemented with either ampicillin (40 pg ml-I) or kanamycin (100 pg ml-I), with or without agar (1.5%, wlv).
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Preparation of yeast plasmids. Small-scale crude preparations of yeast DNA (2-5 ml cultures) were obtained according to the procedure of either Cameron et al. (1977) or Sherman et al. (1983) . For large-scale purification of pKW1, cells from 2 1 early stationary-phase cultures were harvested by centrifugation (13-15 g cells l-l), washed with 150 ml 1 M-sorbitol/l mM-EDTA, and resuspended in 100 ml of 1 Msorbitol containing 30 mg Zymolyase 20T (Kirin Breweries Co., Tokyo, Japan). After incubation for 1 hat 30 "C, the protoplast suspension was mixed with 5 ml 10% (w/v) SDS and 5 mlO.5 M-EDTA, pH 7.0. After vigorous swirling, the lysate was incubated at 50°C for 1-2 h. Potassium acetate was added to a final concentration of 1 M, and the solution was cooled on ice for 2 h. Precipitates were removed by centrifugation (Sorvall rotor SS34, at 15000 r.p.m. for 30 min). From the supernatant, nucleic acids were precipitated at 4 "C by the addition of 2 vols 95% (v/v) ethanol. The precipitates were collected by centrifugation, washed with 70% (v/v) ethanol and dried under vacuum. The pellets were dissolved in 40 m15 x TE (TE is 10 mMTris/HCl, 1 mM-EDTA, pH 8.0). After the addition of 40 g CsCl and 4 ml ethidum bromide (10 mg ml-1 stock), the solution was centrifuged at 60000 r.p.m. for 6 h (Beckman rotor 65 Ti). The band of supercoiled DNA beneath the chromosomal DNA was collected, and purified by a second cycle of isopycnic centrifugation. Ethidium bromide was removed by isopropanol extraction, and the plasmid DNA was dialysed against 0.1 x TE.
Otherplasmids. The vectors used to clone pKW 1 were YIp5 (Botstein et al., 1979) and pKan2l. The latter was constructed by inserting the kanamycin resistance gene from Tn903 (a 1.3 kb AccI fragment from the KanR gene block, Pharmacia) into the NarI site of pUC19. The pKD 1-derived plasmid, pCXJ-kan 1, contains the total pKDl sequence , the URA3 gene of S . cerevisiae, the KanR gene and the pUC19 sequence. The yeast 2p plasmid was isolated from S . cereuisiae S150-2B, pKDl from K. luctis MD2/1 (Bianchi et ul., 1987) , pSRl from Z. rouxii CBS732, pSBl and pSB2 from Z. builii ATCC 8766, and pSB3 and pSB4 from 2. rouxii CBS 4357.
Yeast transformation. S. cerevisiae was transformed by the procedure described by Beggs (1978) , and K. lactis by the method of Bianchi et ul. (1987) . The URA3 gene of S. cereuisiue was used to complement the uraA mutation of K . luctis hosts. Transformation of K. waltii and procedure essentially similar to that described for K. luctis transformation by Chen & Fukuhara (1988) . The level of G418 was 200 pg ml-I.
Transformation Of E. COli and manbulation Of DNA-Published procedures were followed (e.g. Maniatis et al., 1982) . For nucleotide sequencing, pKW 1 DNA was subcloned into overlapping fragments in the cloning/sequencing vector pTZl8R (Pharmacia) and the dideoxy chain termination method of Sanger et al. (1977) 
Results and Discussion
Detection of p K W l
Crude DNA was prepared from a small-scale culture of K . waltii CBS 6430 and analysed by agarose gel electrophoresis. In addition to the chromosomal DNA, a fast-migrating DNA was detected by ethidium bromide staining. The DNA band migrated more slowly than the reference pKDl DNA, 4.7 kb, of K . drosophilarum.
Comparison of the intensity of staining suggested that the amount per cell of this DNA was roughly comparable to pKDl and other known circular plasmids, that is, in the order of 60 copies. The new DNA was named pKW 1. Other strains of K . waltii (seven independent isolates, generously provided by Dr M. A. Lachance, University of West Ontario, Canada) were devoid of pKW1 or related plasmids. Purified pKWl DNA was analysed by digestion with various restriction enzymes. Digestion with EcoRI, SphI, SalI, ClaI, NheI and BglII gave rise to a single fragment of 5.6 kb. PstI or XbaI digests produced two fragments which again gave a total molecular mass estimate of 5.6 kb. BamHI or PvuII digests gave four fragments whose sum was 1 1.0 kb; in both cases, the four fragments could be interpreted as two pairs of 5.6 kb each (Fig. 1) . These results suggested the presence of two isomeric forms of a circular DNA as in the case of other 2p-like plasmids.
Cloning in E. coli
The existence of two isomeric forms was confirmed by cloning pKW 1 DNA into E. coli. pKW 1 was opened at the unique ClaI site and cloned into the AccI site of the pUC 19-derived vector pKan21. Hybrid plasmids were recovered in four different combinations: the A and B forms of pKW 1 inserted in the two possible orientations into the bacterial vector. Using these clones, the restriction maps of the A and B forms were established, as shown in Fig. 2 . pKWl is composed of a pair of inverted repeat sequences of about 300 bp each and two unique sequences of 2.6 and 2.3 kb. These maps confirmed that internal recombination occurs at the inverted repeats to generate the two alternative forms in the yeast host.
Homology of nucleotide sequence with other yeast plasmids
To see whether pKWl has any identifiable relatives among the known 2p-like plasmids, DNA sequence homology was examined by Southern hybridization under moderately stringent conditions (0.6 M-Na+, 65 "C), using 32P-labelled pKW 1 as probe. No detectable hybrids were formed with 21. 1 DNA of S . cerevisiae, pSR 1, pSB3 and pSB4 of 2. rouxii, pSBl and pSB2 of 2. bailii, or pKDl of K . drosophilarum. 
Nucleotide sequence of pKWl

Localization of ARS function
In order to identify the replication origin in the pKWl sequence, we initially used a ura3 mutant of S . cerevisiae as a transformation host, since no genetic markers are available in K . waltii. Different segments of pK W 1 were cloned into the yeast integrative plasmid YIp5 (see Fig.  6 ). Each chimeric plasmid was used to transform S . cerevisiae and K . lactis Ura-hosts. Some of the pKWl fragments were also cloned into pKan21 (see Methods) and used for the transformation of K . waltii. The transformants in S . cerevisiae were detected by the Ura+ phenotype due to the complementation of ura3 GATCGAGCTG CTGATGCTGT GTTCTTGTTG  TGAGGATGCT CACTGTATTC CTTAGGCAGT  TTTAGCTGTG GAACATAGAG TACATCAACA  TTATGATAGC CATCATGGTC GGTTATCTTA   GCAACCGTGA TAGATTCGAT TGAAGTTCAA   ATAATTTACA ATACAGTCTG TTTTAATTTG  GGCTTCATTT TGCACTACAG ACTTACCCTG  TCTCGTATAC AAAATGCAGT TTGTTTCGTA  GCATTTTTAC TACAAGAAAA GTTTTTTTTG  TAGATAGAAA AATGGCATAA AACTGAAATT  TTTTTTCTCG CAAAAGTTTT CTACAAAAGC  ACAAGGCGTC TGAGCGCGTG ACTTGAGCGC  TGGGCCTCAG ACATCGGATC GACAGAAGAG  CCACAACAAT CGAGAGATTA GTGGAATTCA   ACTCTTAGTT CTACATTCAG AATACGC TG   ATTGACCCTA TAATTCATCC CAAATCGTTC  TTTTTGGTTG CGATCCCCAT CAGCGCCTAT  GATGACTTAC AGGGGCATTT AACGGCGCGA  TACTTTCACA GACGCTGGGA GACACGAAAC  ATCCCAGAAT GGTCTCTCGG GTTACTGGAT  AGAGAACTGC GCGAACTATC TCAAAAATGG  TCTGGCAGGC TTCTTCTACA GCTTCTGTAC  TTCAATAAGC TTTACTGCCT CGTCAAACTA  GCCCTTATGG ACTCTGTATT GAGACCACTT  GATGAAGAAA TACTTGATAA 
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AGATGAGAGAAATGGAAAGGAAT GAACC ATTCCTTTCCATTTCGCTCGCTT
** ** ****** ******* *** ******* ****** * Fig. 4 mutation (Table 1) . The recombinant plasmids containing a specific region near the end of one of the inverted repeats were capable of transforming S . cerevisiae at high frequency. This region was narrowed down to the 545 bp XbaI-XhoI segment (nucleotides 2898-3443). An 11 bp sequence (5' TTTTATATTTT 3'), similar to the S . cerevisiae ARS consensus (5' A/T TTTAT A/G TTT A/T 3') was found within this region (nucleotides 3048-3059). Note in Table 1 that the recombinant plasmids pNEA2 and pNEB1 which gave no transformants did not contain this segment. That this segment functions as an Fig. 6 ) were cloned in YIp5 and used to transform S. cerevisiae Sl50-2B (uru3 cir+). The structures of the recombinant plasmids are shown in Fig. 6 . pSK 1 contains the replication origins of both 2p and pKDl (Chen, 1987 ARS element in the natural host K . waltii was confirmed by transformation of K . waltii ( Table 2 ). The transformants were detected by the G418-resistant phenotype due to the KanR gene carried by the transforming DNAs. The construct pXXK3, which contained the 545 bp XbaI-XhoI segment, showed a high frequency of transformation in K . waltii.
In other 2p-like plasmids, a 'stability locus', acting in cis with the ARS region, is believed to play a role in the plasmid partition during cell division (Kikuchi, 1983; Jearnpipatkul et al., 19876) . Such a locus still remains to be defined in pK W 1.
Curing of pKWl from K . waltii
The original host strain, CBS 6430, which harbours pKWl was transformed by the plasmid pKWS14 (see below). This plasmid, disrupted within the C gene at the unique SalI site, is dependent on the presence of the resident pKWl for its stable maintenance. G418-resistant transformants were grown for 75 generations in YPG containing G418 (1 mg ml-l). The cells were transferred to YPG (without G418) and grown for a further 10 generations. Cells were finally plated on YPG agar plates. Since pKWS14 is unstable in non-selective medium, many drug-sensitive clones were isolated, as revealed by replica plating on G418-containing plates. Among 20 such clones, five were found to be devoid of both the input vector and the resident plasmid, as verified by electrophoresis and dot-blotting hybridization of cellular DNA. One of these clones (strain KW 18) was retained as a cir" host and used in the transformation experiments described below.
Full-sequence derivatives of p K WI and their srability pKWC11, which contained the total pKW 1 sequence, also efficiently transformed K . waltii. In this case the transformants showed particularly high stability (Fig 7) . This high stability was not due to a possible integration of the resistance gene into the chromosomes, but due to the presence of the replicating plasmid (data not shown). pKWCl1 had been constructed by inserting the pKan21 sequence at the unique CZaI site of pK W 1. Therefore, the CZaI site seems to be a functionally neutral point at which insertion of a foreign sequence does not significantly affect the plasmid stability. The presence of such neutral points has pre-viously been reported in other 2ptype plasmids: the EcoRI site of pKDl (Bianchi et al., 1987; Chen et al., 1989) , the SnaBl or XmaIII site of the 2p plasmid (Chinery & Hinchliffe, 1989; Bijvoet et al., 1990) and at the end of the R gene of pSRl (Jearnpipat- Fig. 6 for their construction). pCXJ-kanl contains the entire pKDl sequence (see Methods). The stability of transformants as defined in Table 1 kul et al., 1987a; Ogawa et al., 1990) . These sites are in an intergenic region of the plasmid. The ClaI site of pKWl is, however, within the B gene, very close to C-terminus (see Fig. 2 ). Insertion at this site does not appear to affect the function of this gene. In contrast, two other plasmids, pKWB11 and pKWS14, obtained by insertion of pKan21 in the BglII site (within the D gene) and the SalI site (within the C gene), respectively, were highly unstable in ciro hosts ( Table 2 ). The recombinant plasmids of the pKWC11 type are therefore the vectors of choice for the propagation and expression of foreign genes in K . waltii. Since the replication of pKWC11 does not require a cir+ host, and since it contains the KanR marker, it can be directly used for the test of host range among various yeast species (they are in most cases sensitive to G418), as shown below.
Host range of pKWl
Although S . cerevisiae can be transformed by pKW1-derived plasmids, the transformants are quite unstable as shown in Table 1 . None of the pKW1-derived plasmids were able to transform K . lactis ( Table 2 ). In contrast, the pKD 1 -derived 'full-sequence' vector pCXJ-kan 1 gave stable transformants at high frequency in both K . lactis and K . waltii, confirming our previous observation (Chen et al., 1989) . In order to see the host range of pK W 1, all the species of the genus Kluyveromyces, according to van der Walt & Johannsen (1 984), were tested for transformability by pKWCl1. Table 3 summarizes the results. Only K . thermotolerans gave rise to transformants with a frequency comparable to that of K . waltii. This result may be correlated with the fact that K . thermotolerans and K . waftii make a distinct group within the genus, as characterized by the high GC contents of their chromosomal DNA. The stability of K . thermotolerans transformants was variable, very high in some clones. The absence of transformation with other species tested so far does not necessarily indicate an inability of the vector to transform them. Transformation under varied conditions remains to be examined for each species.
